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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates generally to
switching devices for energizing lights, appliances and
the like. More particularly, the present invention relates
to a self-powered latching relay device using a pre-
stressed piezoelectric element to generate an activation
signal for the latching relay. The piezoelectric element
and associated signal generation circuitry can be hard-
wired directly to the latching relay or may be coupled to
a transmitter for sending an RF signal to a receiver which
actuates the latching relay.

2. Description of the Prior Art

[0002] Switches and latching relays for energizing
lights, appliances and the like are well known in the prior
art. Typical light switches comprise, for example, single-
pole switches and three-way switches. A single-pole
switch has two terminals that are hot leads for an incom-
ing line (power source) and an outgoing line to the light.
Three-way switches can control one light from two differ-
ent places. Each three-way switch has three terminals:
the common terminal and two traveler terminals. A typical
pair of three-way switches uses two boxes each having
two cables with the first box having an incoming line from
a power source and an outbound line to the second box,
and the second box having the incoming line from the
first box and an outbound line to the light.

[0003] Ineach of these switching schemes it is neces-
sary drill holes and mount switches and junction boxes
for the outlets as well as running cable. Drilling holes and
mounting switches and junction boxes can be difficult
and time consuming. Also, running electrical cable re-
quires starting at a fixture, pulling cable through holes in
the framing to each fixture in the circuit, and continuing
all the way back to the service panel. Though simple in
theory, getting cable to cooperate can be difficult and
time consuming. Cable often kinks, tangles or binds while
pulling, and needs to be straightened out somewhere
along the run.

[0004] Remotely actuated switches/relays are also
known in the art. Known remote actuation controllers in-
clude tabletop controllers, wireless remotes, timers, mo-
tion detectors, voice activated controllers, and computers
and related software. For example, remote actuation
means may include modules that are plugged into a wall
outlet and into which a power cord for a device may be
plugged. The device can then be turned on and off by a
controller. Other remote actuation means include screw-
in lamp modules wherein the module is screwed into a
light socket, and then a bulb screwed into the module.
The light can be turned on and off and can be dimmed
or brightened by a controller.
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[0005] An example of a typical remote controller for
the above described modules is a radio frequency (RF)
base transceiver. With these controllers, a base is
plugged into an outlet and can control groups of modules
in conjunction with a hand held wireless RF remote. RF
repeaters may be used to boost the range of compatible
wireless remotes, switches and security system sensors
by up to 150 ft. per repeater. The base is required for all
wireless RF remotes and allows control of several lamps
or appliances. Batteries are also required in the hand
held wireless remote.

[0006] Rather than using a hand held RF remote, re-
mote wall switches may be used. These wall switches,
which are up to 3/4" (1.9 cm) thick, are affixed to a desired
location with an adhesive. In conjunction with a base unit
(plugged into a 110V receptacle) the remote wall switch
may control compatible modules or switches (receivers).
The wireless switches send an RF signal to the base unit
and the base unit then transmits a signal along the ex-
isting 110V wiring in the home to compatible switches or
modules. Each switch can be set with an addressable
signal. Wireless switches also require batteries.

[0007] These remotes control devices may also con-
trol, for example, audio/video devices such as the TV,
VCR, and stereo system, as well as lights and other de-
vices using an RF to infrared (IR) base. The RF remote
can control audio/video devices by sending proprietary
RF commands to a converter that translates the com-
mands to IR. IR commands are then sent to the audio/
video equipment. The console responds to infrared sig-
nals from the infrared remotes and then transmits equiv-
alent commands to compatible receivers.

[0008] A problem with conventional wall switches is
that extensive wiring must be run both from the switch
boxes to the lights and from the switch boxes to the power
source in the service panels.

[0009] Another problem with conventional wall switch-
esis that additional wiring must be run for lights controlled
by more than one switch.

[0010] Another problem with conventional wall switch-
es is that the high voltage lines are present as an input
to and an output from the switch.

[0011] Another problem with conventional wall switch-
es is the cost associated with initial installation of wire to,
from and between switches.

[0012] Another problem with conventional wall switch-
es is the cost and inconvenience associated with remod-
eling, relocating or rewiring existing switches.

[0013] A problem with conventional RF switches is that
they still require an external power source such as high
voltage AC power or batteries.

[0014] Anotherproblem with conventional RF switches
is the cost and inconvenience associated with replace-
ment of batteries.

[0015] Another problem with conventional RF switches
is that they require high power to individual modules and
base units.

[0016] Another problem with conventional AC-pow-
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ered RF switches is the difficulty when remodeling in re-
wiring or relocating a wall switch.

[0017] Accordingly, it would be desirable to provide a
switching and/or latching relay device that overcomes
the aforementioned problems of the prior art.

[0018] A self-powered switching device for remote
switching of appliances, installations, lights, etc. is dis-
closed in DE 297 12 270 U1.

SUMMARY OF THE INVENTION

[0019] The presentinvention provides a self-powered
switching or latching relay device using an electroactive
actuator. The piezoelectric element in the actuator is ca-
pable of deforming with a high amount of axial displace-
ment, and when deformed by a mechanical impulse gen-
erates an electric field. The electroactive actuator is used
as an electromechanical generator for generating a mo-
mentary signal that actuates a latching/relay mechanism.
The latching or relay mechanism thereby turns electrical
devices such as lights and appliances on and off.
[0020] The mechanical actuating means for the elec-
troactive actuator element should apply pressure to the
electroactive actuator element with sufficient force/accel-
eration to generate an electrical pulse of sufficient mag-
nitude and duration. A switch similar to a light switch, for
example, may apply pressure through a toggle, snap ac-
tion or roller mechanism. Larger or multiple electroactive
actuator elements may also be used to generate pulses.
[0021] In one embodiment, the electroactive actuator
is depressed by the manual or mechanical actuating
means and the electrical signal generated by the elec-
troactive actuator is applied directly to a relay switch. In
another embodiment of the invention, circuitry is installed
to modify the electrical pulse generated by the electroac-
tive actuator. In yet another embodiment, the electroac-
tive actuator signal powers an RF transmitter which
sends an RF signal to an RF receiver which then actuates
the relay. In yet another embodiment, the electroactive
actuator signal powers a transmitter, which sends a
pulsed RF signal to an RF receiver which then actuates
the relay. Digitized RF signals may be coded (as with a
garage door opener) to only activate the relay that is cod-
ed with that digitized RF signal.

[0022] Accordingly, itis a primary object of the present
invention to provide a switching or relay device in which
an electroactive or piezoelectric element is used to acti-
vate the device.

[0023] It is another object of the present invention to
provide a device of the character described in which
switches may be installed without necessitating addition-
al wiring.

[0024] It is another object of the present invention to
provide a device of the character described in which
switches may be installed without cutting holes into the
building structure.

[0025] It is another object of the present invention to
provide a device of the character described in which
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switches do not require external electrical input such as
120 or 220 VAC or batteries.

[0026] It is another object of the present invention to
provide a device of the character described incorporating
an electroactive device that generates an electrical signal
of sufficient magnitude to activate a latching relay.
[0027] It is another object of the present invention to
provide a device of the character described incorporating
an electroactive device that generates an electrical signal
of sufficient magnitude to activate a radio frequency
transmitter for activating a latching relay.

[0028] Further objects and advantages of the invention
will become apparent from a consideration of the draw-
ings and ensuing description thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
[0029]

FIG. 1 is an elevation view showing the details of
construction of a flextensional piezoelectric actuator
used in the present invention;

FIG. 2 is an elevation view showing the details of
construction of an alternate multi-layer flextensional
piezoelectric actuator used in a modification the
present invention;

FIG. 3is an elevation view of a device for mechanical
application and removal of a force to an actuator;’

FIG. 4 is an elevation view of the device of FIG. 3
illustrating the deformation of the actuator upon ap-
plication of a force;

FIG. 5 is an elevation view of the device of FIG. 3
illustrating the recovery of the actuator upon removal
of the force by tripping of a quick-release device;

FIG. 6 is a schematic showing the switching device
of the present invention incorporating flextensional
piezoelectric actuator;

FIG. 7 is a detailed schematic showing the pulse
modification, tone generator and RF generator sub-
circuit portions of FIG. 6;

FIG. 8 is a plan view of the tuned loop antenna of
FIG. 7 illustrating the jumper at a position maximizing
the inductor cross-section; and

FIG. 9 is a plan view of the tuned loop antenna of
FIG. 7 illustrating the jumper at a position minimizing
the inductor cross-section.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0030] Piezoelectric and electrostrictive materials
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(generally called "electroactive" devices herein) develop
a polarized electric field when placed under stress or
strain. The electric field developed by a piezoelectric or
electrostrictive material is a function of the applied force
causing the mechanical stress or strain. Conversely,
electroactive devices undergo dimensional changes in
an applied electric field. The dimensional change (i.e.,
expansion or contraction) of an electroactive device is a
function of the applied electricfield. Electroactive devices
are commonly used as drivers, or "actuators" due to their
propensity to deform under such electric fields. These
electroactive devices or actuators also have varying ca-
pacities to generate an electric field in response to a de-
formation cased by an applied force.

[0031] Existing electroactive devices include direct
and indirect mode actuators, which typically make use
of a change in the dimensions of the material to achieve
a displacement, but in the present invention are prefer-
ably used as electromechanical generators. Direct mode
actuators typically include a piezoelectric or electrostric-
tive ceramic plate (or stack of plates) sandwiched be-
tween a pair of electrodes formed on its major surfaces.
The devices generally have a sufficiently large piezoe-
lectric and/or electrostrictive coefficient to produce the
desired strain in the ceramic plate. However, direct mode
actuators suffer from the disadvantage of only being able
to achieve a very small displacement (strain), which is,
at best, only a few tenths of a percent. Conversely, direct
mode generator-actuators require application of a high
amount of force to piezoelectrically generate a pulsed
momentary electrical signal of sufficient magnitude to ac-
tivate a latching relay.

[0032] Indirect mode actuators are known in the prior
art to exhibit greater displacement and strain than is
achievable with direct mode actuators by achieving strain
amplification via external structures. An example of an
indirect mode actuator is aflextensional transducer. Flex-
tensional transducers are composite structures com-
posed of a piezoelectric ceramic element and a metallic
shell, stressed plastic, fiberglass, or similar structures.
The actuator movement of conventional flextensional de-
vices commonly occurs as a result of expansion in the
piezoelectric material which mechanically couples to an
amplified contraction of the device in the transverse di-
rection. In operation, they can exhibit several orders of
magnitude greater strain and displacement than can be
produced by direct mode actuators.

[0033] The magnitude of achievable strain of indirect
mode actuators can be increased by constructing them
eitheras "unimorph" or "bimorph" flextensional actuators.
A typical unimorph is a concave structure composed of
asingle piezoelectric element externally bonded to a flex-
ible metal foil, and which results in axial buckling or de-
flection when electrically energized. Common unimorphs
can exhibit a strain of as high as 10%. A conventional
bimorph device includes an intermediate flexible metal
foil sandwiched between two piezoelectric elements.
Electrodes are bonded to each of the major surface of
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the ceramic elements and the metal foil is bonded to the
inner two electrodes. Bimorphs exhibit more displace-
ment than comparable unimorphs because under the ap-
plied voltage, one ceramic element will contract while the
other expands. Bimorphs can exhibit strains up to 20%.
[0034] For certain applications of electroactive actua-
tors known in the prior art, asymmetrically stress biased
electroactive devices have been proposed in order to in-
crease the axial deformation of the electroactive material,
and therefore increase the achievable strain of the elec-
troactive material. In such devices, (which include, for
example, "Rainbow" actuators (as disclosed in U.S. Pat-
ent 5,471,721), and other flextensional actuators) the
asymmetric stress biasing produces a curved structure,
typically having two major surfaces, one of which is con-
cave and the other which is convex.

[0035] Referring to FIG 1: A unimorph actuator called
"THUNDER", which has improved displacement, strain
and load capabilities, has recently been developed and
is disclosed in U.S. patent no. 5,632,841. THUNDER
(which is an acronym for THin layer composite UNimorph
ferroelectric Driver and sEnsoR), is a unimorph actuator
in which a pre-stress layer is bonded to a thin piezoelec-
tric ceramic wafer at high temperature, and during the
cooling down of the composite structure asymmetrically
stress biases the ceramic wafer due to the difference in
thermal contraction rates of the pre-stress layer and the
ceramic layer.

[0036] The THUNDER actuator 12 is as a composite
structure, the construction of which is illustrated in FIG.
1. Each THUNDER actuator 12 is constructed with an
electroactive member preferably comprising a piezoelec-
tric ceramic layer 67 of PZT which is electroplated 65 and
65a on its two opposing faces. A pre-stress layer 64,
preferably comprising steel, stainless steel, beryllium al-
loy or other metal substrate, is adhered to the electro-
plated 65 surface on one side of the ceramic layer 67 by
a first adhesive layer 66. In the simplest embodiment,
the adhesive layer 66 acts as a prestress layer. The first
adhesive layer 66 is preferably LaRC™-SI material, as
developed by NASA-Langley Research Center and dis-
closed in U.S. Pat. No. 5,639,850. A second adhesive
layer 66a, also preferably comprising LaRC-SI material,
is adhered to the opposite side of the ceramic layer 67.
During manufacture of the THUNDER actuator 12 the
ceramic layer 67, the adhesive layer 66 and the pre-
stress layer 64 are simultaneously heated to a tempera-
ture above the melting point of the adhesive material. In
practice the various layers composing the THUNDER ac-
tuator (namely the ceramic layer 67, the adhesive layers
66 and 66a and the pre-stress layer 64) are typically
placed inside of an autoclave or a convection oven as a
composite structure, and slowly heated by convection
until all the layers of the structure reach a temperature
which is above the melting point of the adhesive 66 ma-
terial but below the Curie temperature of the ceramic lay-
er 67. It is desirable to keep the temperature of the ce-
ramic layer 67 beneath the Curie temperature of the ce-
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ramic layer in order to avoid disrupting the piezoelectric
characteristics of the ceramic layer 67. Because the mul-
ti-layer structure is typically convectively heated at a slow
rate, all of the layers tend to be at approximately the same
temperature. In any event, because an adhesive layer
66 is typically located between two other layers (i.e. be-
tween the ceramic layer 67 and the pre-stress layer 64),
the ceramic layer 67 and the pre-stress layer 64 are usu-
ally very close to the same temperature and are at least
as hot as the adhesive layers 66 and 66a during the heat-
ing step of the process. The THUNDER actuator 12 is
then allowed to cool.

[0037] During the cooling step of the process (i.e. after
the adhesive layers 66 and 66a have re-solidified) the
ceramic layer 67 becomes compressively stressed by
the adhesive layers 66 and 66a and pre-stress layer 64
due to the higher coefficient of thermal contraction of the
materials of the adhesive layers 66 and 66a and the pre-
stress layer 64 than for the material of the ceramic layer
67. Also, due to the greater thermal contraction of the
laminate materials (e.g. the first pre-stress layer 64 and
the first adhesive layer 66) on one side of the ceramic
layer 67 relative to the thermal contraction of the laminate
material(s) (e.g. the second adhesive layer 66a) on the
other side of the ceramic layer 67, the ceramic layer de-
forms in an arcuate shape having a normally convex face
12a and a normally concave face 12c, as illustrated in
FIGS. 1 and 2. One or more additional pre-stressing layer
(s) may be similarly adhered to either or both sides of the
ceramic layer 67 in order, for example, to increase the
stress in the ceramic layer 67 or to strengthen the actu-
ator 12. Furthermore, the substrate comprising a sepa-
rate prestress layer 64 may be eliminated and the adhe-
sive layer 66 may apply the prestress to the ceramic layer
67. Alternatively, only the prestress layer(s) 64 and the
adhesive layer(s) 66 may be heated and bonded to a
ceramic layer 67, while the ceramic layer 67 is at a lower
temperature, in order to induce greater compressive
stressinto the ceramic layer 67 when cooling the actuator
12.

[0038] Referring now to Figure 2: An alternate actuator
12D may include a composite piezoelectric ceramic layer
that comprises multiple thin layers 67 and 67a of PZT
which are bonded to each other. Each layer 67 and 67a
comprises a thin layer of piezoelectric material, with a
thickness preferably on the order of about 1 mil. Each
thin layer 67 and 67a is electroplated 65 and 65a, and
65b and 65c on each major face respectively. The indi-
vidual layers 67 and 67a are then bonded to each other
with an adhesive layer 66a, using an adhesive such as
LaRC-SI. Alternatively, and most preferably, the thin lay-
ers 67 and 67a may be bonded to each other by cofiring
the thin sheets of piezoelectric material together. As few
as two layers, but preferably at least four sheets of pie-
zoelectric material may be bonded/cofired together. The
composite piezoelectric ceramic layer may then be bond-
ed to prestress layer(s) 64 with the adhesive layer(s) 66
and 66b, and heated and cooled as described above to
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make a modified THUNDER actuator 12D. By having
multiple thinner layers 67 and 67a of piezoelectric mate-
rial in a modified actuator 12D, the composite ceramic
layer generates a lower voltage and higher current as
compared to the high voltage and low current generated
by a THUNDER actuator 12 having only a single thicker
ceramic layer 67.

[0039] Aflexible insulator may be used to coat the con-
vex face 12a of the actuator 12. This insulative coating
helps prevent unintentional discharge of the piezoelectric
element through inadvertent contact with another con-
ductor, liquid or human contact. The coating also makes
the ceramic element more durable and resistant to crack-
ing or damage from impact. Since LaRC-Sl is a dielectric,
the adhesive layer 67a on the convex face 12a of the
actuator 12 may act as the insulative layer. Alternately,
the insulative layer may comprise a plastic, TEFLON or
other durable coating.

[0040] Electrical energy may be recovered from or in-
troduced to the actuator element 12 by a pair of electrical
wires 14. Each electrical wire 14 is attached at one end
to opposite sides of the actuator element 12. The wires
14 may be connected (for example by glue or solder 20)
directly to the electroplated 65 and 65a faces of the ce-
ramic layer 67, or they may alternatively be connected
to the pre-stress layer(s) 64. As discussed above, the
pre-stress layer 64 is preferably adhered to the ceramic
layer 67 by LaRC-SI material, which is a dielectric. When
the wires 14 are connected to the pre-stress layer(s) 64,
it is desirable to roughen a face of the pre-stress layer
64, so that the pre-stress layer 64 intermittently pene-
trates the respective adhesive layers 66 and 66a, and
make electrical contact with the respective electroplated
65 and 65a faces of the ceramic layer 67. The opposite
end of each electrical wire 14 is preferably connected to
an electric pulse modification circuit 10.

[0041] Prestressed flextensional transducers 12 are
desirable due to their durability and their relatively large
vertical displacement, and concomitant relatively high
voltage that such transducers are capable of developing.
The present invention however may be practiced with
any electroactive element having the properties and
characteristics herein described, i.e., the ability to gen-
erate avoltage inresponse to a deformation of the device.
For example, the invention may be practiced using mag-
netostrictive or ferroelectric devices. The transducers al-
so need not be normally arcuate, but may also include
transducers that are normally flat, and may further in-
clude stacked piezoelectric elements.

[0042] In operation, as shown in FIG. 4, when a force
indicated by arrow 16 is applied to the convex face 12a
of the actuator 12, the force deforms the piezoelectric
element 12. The force may be applied to the piezoelectric
actuator 12 by any appropriate means such as by appli-
cation of manual pressure directly to the piezoelectric
actuator, or by other mechanical means. Preferably, the
force is applied by a mechanical switch (e.g., a plunger,
striker, toggle or roller switch) capable of developing a
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mechanical impulse for application to and removal from
the actuator 12. The mechanical impulse (or removal
thereof) should be of sufficient force to cause the convex
face 12a of the actuator 12 to deform quickly and accel-
erate over a distance (approximately 10 mm) which gen-
erates an electrical signal of sufficient magnitude to ac-
tivate an electromechanical latching relay.

[0043] Referring to FIGS. 3, 4 and 5: An illustration of
a suitable means for application of mechanical force com-
prises a switch plate and a plunger assembly 13. The
two ends of the piezoelectric actuator are each pivotably
held in place within a recess 44 of a switch plate 18. The
switch plate 18 is the same shape as the actuator 12
contained therein, preferably rectangular. In an alternate
embodiment, a circular actuator may be mounted in a
circular recess of a circular switch plate. The recess(es)
44 in the switch plate 18 hold the actuator 12 in place in
its relaxed, i.e., undeformed state. The recesses 44 are
also sufficiently deep to fully receive the ends or edges
of the actuator 12 in its fully deformed, i.e., flat state. The
plunger assembly comprises a push button 22 pivotably
connected to a hinged quick-release mechanism 24. The
opposite end of the quick-release mechanism 24 con-
tacts shaft 26 connected to a pair of plates 27 and 28
which are clamped on both sides of the actuator 12. A
release cog 25 is located along the path of the quick-
release mechanism 24.

[0044] Referring to FIGS. 4 and 5: In operation, when
the push button 22 is depressed in the direction of arrow
16, the quick-release mechanism 24 pushes down on
the shaft 26 and plates 27 and 28 and deforms the actu-
ator 12. When the quick-release mechanism 24 reaches
the release cog 25, the quick-release mechanism 24 piv-
ots on its hinge and releases the downward pressure
from the shaft 26, plates 27 and 28 and actuator 12. The
actuator 12, on account of the restoring force of the sub-
strate of the prestress layer 64, returns quickly to its un-
deformed state in the direction of arrow 30 as in FIG. 5.
Other means by which a force may be applied to and/or
released from the actuator include twisting of door knob,
opening a door that places pressure on an actuator in
the jamb, stepping onto the actuator on the ground, floor
or in a mat, or even sitting down.

[0045] As previously mentioned, the applied force
causes the piezoelectric actuator to deform. By virtue of
the piezoelectric effect, the deformation of the piezoelec-
tric element 12 generates an instantaneous voltage be-
tween the faces 12a and 12c of the actuator 12, which
produces a pulse of electrical energy. Furthermore, when
the force is removed from the piezoelectric actuator 12,
the actuator recovers its original arcuate shape. This is
because the substrate or prestress layer 64 to which the
ceramic 67 is bonded exerts a compressive force on the
ceramic 67, and the actuator 12 thus has a coefficient of
elasticity that causes the actuator 12 to return to its un-
deformed neutral state. On the recovery stroke of the
actuator 12, the ceramic 67 returns to its undeformed
state and thereby produces another electrical pulse of
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opposite polarity. The downward (applied) or upward (re-
covery) strokes should cause a force over a distance that
is of sufficient magnitude to create the desired electrical
pulse. The duration of the recovery stroke, and therefore
the duration of the pulse produced, is preferably in the
range of 50-100 milliseconds, depending on the amount
of force applied to the actuator 12.

[0046] In the preferred embodiment of the invention,
the electrical pulse that is generated upon removal of the
force i.e., when the actuator 12 recovers its shape, is the
pulse that is used. This is because the downward force
applied, by hand for example, may be inconsistent,
whereas the recovery force of the actuator is a more pre-
dictable and consistent force. Furthermore, because the
second pulse has an opposite polarity to the first pulse,
rapid application of the first and second pulse may cause
an attached relay to simply open and close. Electrical
filtering components (such as a diode or zero voltage
switching circuitry) may be used to isolate the relay from
the first pulse in order to only use the second pulse.
[0047] Referring to FIGS. 6 and 7: The pulse of elec-
trical energy is transmitted from the actuator via the elec-
trical wires 14 connected to each face 12a and 12c of
the actuator 12 to a switch or relay 90. The pulse of elec-
trical energy is of sufficient magnitude to cause the
switch/relay 90 to toggle from one position to another.
Alternatively and preferably, the electrical pulse is first
transmitted through a pulse modification circuit 10 in or-
der to modify the character, i.e, current, voltage, frequen-
cy and/or pulse width of the electrical signal.

[0048] Referring now to FIG. 7: The electrical pulse
modification circuit 10 essentially comprises a diode-ca-
pacitor array and a voltage regulator U1. The anode and
cathode of the diode D1 are connected to each wire 14
respectively. More specifically, the anode is connected
via a first wire 14 to the convex face 12a of the actuator
12, and the cathode is connected via the other wire to
the concave face 12c of the actuator 12. This connection
allows only the voltage pulse generated on the recovery
stroke of the actuator 12 to be transmitted past the diode
D1.

[0049] The pulse modification circuit 10 also compris-
es a voltage regulator U1, which controls the input elec-
trical pulse downstream of the diode D1. The output sig-
nal of voltage regulator U1 is preferably 3.3 volts DC.
One or more capacitors C1, C2 and C3 may be provided
between the diode D1 and the voltage regulator U1. The
capacitors C1, C2 and C3 are connected in parallel with
the diode D1. The capacitors C1, C2 and C3 act as filters
to provide a more uniform voltage input to the voltage
regulator U1. The capacitors C1, C2 and C3 also prevent
excessive peak voltages from affecting downstream
components of the circuit (such as the voltage regulator
U1). The output of the voltage regulator is a pulse of
uniform voltage with a duration of approximately 50-100
milliseconds depending on the load applied to the actu-
ator 12. The output voltage signal of the pulse modifica-
tion circuit 10 may then be transmitted via another wire
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to the relay switch 90, in order to change the position of
the relay switch 90 from one position to another.

[0050] Referring again to FIGS. 6 and 7: More prefer-
ably, the output of the voltage regulator U1 is used to
power tone generator or encoder 40 comprising an in-
verter array U2, which generates a pulsed tone. This
pulsed tone modulates an RF generator section 50 which
radiates an RF signal using a tuned loop antenna 60.
The signal radiated by the loop antenna is intercepted
by an RF receiver 70 and a decoder 80 which generates
a relay pulse to activate the relay 90.

[0051] The output of the voltage regulator U1 is con-
nected to an inverter array U2, which acts as an encoder
40 for the electrical pulse. More specifically, the output
conductor for the output voltage pulse (nominally 3.3
volts) is connected to the input pin of a hex inverter array
U2. Preferably 3 of the 6 inverters U2A, U2B and U2C in
the inverter array U2 are connected in series, and the
otherinverters (not shown) are not used (grounded). The
last inverter U2C is connected in parallel with a series
combination of a resistor R2 and a capacitor C5, which
determine the oscillation frequency of the inverter array
U2. The first two of the series connected inverters U2A
and U2B are connected in parallel with a series combi-
nation of a resistor R1 and capacitor C5. In operation,
capacitor C5 is charged through the first resistor R2. After
the capacitor C5 is fully charged, the voltage then follows
resistor R1 which triggers each of the inverters U2A, U2B
and U2C to toggle in series. This cyclic toggling of the
inverters U2A, U2B and U2C generates a square wave
output determined by the RC constant of the R2-C5 com-
bination. Connecting the inverters U2A, U2B and U2C in
series generates a faster switching signal for the final
inverter U2C of the series and thus a clean, abrupt output
signal. Thus, the output of the inverter array U2 is a series
of square waves oscillating between 0 and a positive volt-
age, preferably +3.3 VDC, the duration of the series of
square waves being determined by the duration of the
output voltage pulse of the voltage regulator U1. By
choosing an appropriate R-C time constant, one can de-
termine from the duration of the pulse, the desired pulse
width and hence, the number of cycles of the square
wave. In the preferred embodiment of the invention, R2
has a value of about 1.2 megaohms and the capacitor
C5 has a value of 220 picofarads. Alternatively capacitor
Chistunablein orderto adjust the frequency of oscillation
of the inverter array U2. These values provide a one mil-
lisecond long square wave having a pulse width of one
half millisecond which equates to approximately 100
square wave cycles.

[0052] The DC output of the voltage regulator U 1 and
the square wave output of the inverter array U2 are con-
nected to an RF generator 50. The RF generator 50 con-
sists of tank circuit connected to the voltage regulator U1
through both a bipolar transistor (BJT) Q1 and an RF
choke. More specifically, the tank circuit consists of a
resonant circuit comprising an inductor L2 and a capac-
itor C8 connected to each other at each of their respective
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ends (in parallel). Either the capacitor C8 or the inductor
L2 or both may be tunable in order to adjust the frequency
of the tank circuit. An inductor L1 acts as an RF choke,
with one end of the inductor L1 connected to the output
of the voltage regulator U1 and the opposite end of the
inductor L1 connected to a first junction of the L2-C8 tank
circuit Preferably, the RF choke inductor L 1is an inductor
with a diameter of approximately 0.125 inches (~ 0.32
cm) and turns on the order of thirty and is connected on
a loop of the tank circuit inductor L2. The second and
opposite junction of the L2-C8 tank circuit is connected
to the collector of BJT Q1. The base of the BJT Q1 is
also connected through resistor R3 to the output side of
the inverter array U2. A capacitor C7 is connected to the
base of a BJT Q1 and to the first junction of the tank
circuit. Another capacitor C9 is connected in parallel with
the collector and emitter of the BJT Q1. This capacitor
C9 improves the feedback characteristics of the tank cir-
cuit. The emitter of the BJT is connected through resistor
R4 to ground. The emitter of the BJT is also connected
to ground through capacitor C10 which is in parallel with
the resistor R4. The capacitor C10 in parallel with the
resistor R4 provides a more stable conduction path from
the emitter at high frequencies.

[0053] Referring now to FIGS. 8 and 9: The RF gen-
erator 50 works in conjunction with a tuned loop antenna
60. In the preferred embodiment, the inductor L2 of the
tank circuit serves as the loop antenna 60. More prefer-
ably, the inductor/loop antenna L2 comprises a single
rectangular loop of copper wire having an additional
smaller loop or jumper 61 connected to the rectangular
loop L2. Adjustment of the shape and angle of the smaller
loop 61 relative to the rectangular loop L2 is used to in-
crease or decrease the apparent diameter of the inductor
L2 and thus tunes the RF transmission frequency of the
RF generator 50. In an alternate embodiment, a separate
tuned antenna may be connected to the second junction
of the tank circuit.

[0054] Additional filtering components in the circuit in-
clude a grounded capacitor C4 connected to the input of
the inverter array U2 and a grounded capacitor C6 con-
nected to the output of the inverter array U2.

[0055] In operation: The positive voltage output from
the voltage regulator U1 is connected the inverter array
U2 and the RF choke inductor L1. The voltage drives the
inverter array U2 to generate a square wave output,
which is connected to the base of the BJT Q1 through
resistor R3. When the square wave voltage is zero, the
base of the BJT remains de-energized, and current does
not flow through the inductor L1. When the square wave
voltage is positive, the base of the BJT Q1 is energized
through resistor R3. With the base of the BJT Q1 ener-
gized, current is allowed to flow across the base from the
collector to the emitter and current is also allowed to flow
across the inductor L1. When the square wave returns
to a zero voltage, the base of the BJT Q1 is again de-
energized.

[0056] When current flows across the choke inductor
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L1, the tank circuit capacitor C8 charges. Once the tank
circuit capacitor C8 is charged, the tank circuit begins to
resonate at the frequency determined by the circuit's LC
constant For example, a tank circuit having a 7 picofarad
capacitor and an inductor L2 having a single rectangular
loop measuring 0.7 inch by 0.3 inch (1.8 cm by 0.75 cm),
the resonant frequency of the tank circuit is 310 MHz.
The choke inductor L1 prevents RF leakage into up-
stream components of the circuit (the inverter array U2)
because changing the magnetic field of the choke induc-
tor L1 produces an electric field opposing upstream cur-
rent flow from the tank circuit. To produce an RF signal,
charges have to oscillate with frequencies in the RF
range. Thus, the charges oscillating in the tank circuit
inductor / tuned loop antenna L2 produce an RF signal
of preferably 310 Mhz. As the square wave output of the
inverter turns the BJT Q1 on and off, the signal generated
from the loop antenna 60 comprises a pulsed RF signal
having a duration of 100 milliseconds and a pulse width
of 0.5 milliseconds thus producing 100 pulses of 310
MHz.

[0057] The RF generator 50 and antenna 60 work in
conjunction with an RF receiver 70. More specifically, an
RF receiver 70 in proximity to the RF transmitter 60 (with-
in 150 feet (45 m)) can receive the pulsed RF signal trans-
mitted by the RF generator 50. The RF receiver compris-
es a receiving antenna 70 for intercepting the pulsed RF
signal (tone). The tone generates a pulsed electrical sig-
nal in the receiving antenna 7- that is input to a micro-
processor chip that acts as a decoder 80. The decoder
80 filters out all signals except for the RF signal it is pro-
grammed to receive, e.g., the signal generated by the
RF generator 50. An external power source is also con-
nected to the microprocessor chip/decoder 80. In re-
sponse to the intercepted tone from the RF generator 50,
the decoder chip produces a pulsed electrical signal. The
external power source connected to the decoder 80 aug-
ments the pulsed voltage output signal developed by the
chip. This augmented (e.g., 120VAC) voltage pulse is
then applied to a conventional relay 90 for changing the
position of a switch within the relay. Changing the relay
switch position is then used to turn an electrical device
with a bipolar switch on or off, or toggle between the
several positions of a multiple position switch. Zero volt-
age switching elements may be added to ensure the relay
90 activates only once for each depression and recovery
cycle of the flextensional transducer element 12.

[0058] Several different RF switching devices may be
used that generate different tones for controlling relays
that are tuned to receive that tone. In an alternate em-
bodiment, digitized RF signals may be coded and pro-
grammable (as with a garage door opener) to only acti-
vate a relay that is coded with that digitized RF signal.
[0059] This invention is safe because it eliminates the
need for 120 VAC (220 VAC in Europe) lines to be run
to each switch in the house. Instead the higher voltage
overhead AC lines are only run to the appliances or lights,
and they are actuated through the self-powered switching
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device and relay switch. The invention also saves on in-
itial and renovation construction costs associated with
cutting holes and running the electrical lines to/through
each switch and within the walls. The invention is partic-
ularly useful in historic structures undergoing preserva-
tion, as the walls of the structure need not be destroyed
and then rebuilt. The invention is also useful in concrete
construction, such as structures using concrete slab
and/or stucco construction and eliminate the need to
have wiring on the surface of the walls and floors of these
structures.

[0060] While the above description contains many
specificities, these should not be construed as limitations
on the scope of the invention, but rather as an exempli-
fication of one preferred embodiment thereof. Many other
variations are possible, for example:

[0061] In addition to piezoelectric devices, the elec-
troactive elements may comprise magnetostrictive or fer-
roelectric devices;

[0062] Multiple high deformation piezoelectric actua-
tors may be placed, stacked and/or bonded on top of
each other;

[0063] Multiple piezoelectric actuators may be placed
adjacent each other to form an array.

[0064] Larger or different shapes of THUNDER ele-
ments may also be used to generate higher impulses.
[0065] A bearing material may be disposed between
the actuators and the recesses or switch plate in order
to reduce friction and wearing of one element against the
next or against the frame member of the switch plate.
[0066] Other means for applying pressure to the actu-
ator may be used including simple application of manual
pressure, rollers, pressure plates, toggles, hinges,
knobs, sliders, twisting mechanisms, release latches,
spring loaded devices, foot pedals, game consoles, traffic
activation and seat activated devices.

Claims
1. A self-powered switching device comprising:

a flextensional transducer (12), said flextension-
al transducer (12) comprising;

a first electroactive member (67) having oppos-
ing first and second electroded major faces;
said first opposing major face (12a) being sub-
stantially convex and said second opposing ma-
jor face (12c) being substantially concave;

a prestress layer (64) bonded to said second
major face (12c) of said first electroactive mem-
ber (67);

said prestress layer (64) applying a compressive
force to said electroactive member (67);

wherein said flextensional transducer (12) is adapt-
ed to deform from a first position to a second position
upon application of a force to said flextensional trans-
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ducer;

and wherein upon said deformation to said second
position, said flextensional transducer (12) is adapt-
ed to generate a first voltage potential between said
first electroded major face (12a) and said second
electroded major face (12c);

a first conductor (14) electrically connected to said
first electroded major face (12a) of said first elec-
troactive member (67);

a second conductor (14) electrically connected to
said second electroded major face (12c) of said first
electroactive member (67);

signal transmission means electrically connected to
said first and second conductors (14), said signal
transmission means being adapted to generate a
first signal in response to said first voltage potential;
wherein said signal transmission means comprises
aradiofrequency generator subcircuit (50); a voltage
regulator (U1) having an input side and an output
side;

said input side of said voltage regulator (U1) being
electrically connected to said first and second con-
ductors (14);

said output side of said voltage regulator (U1) being
electrically connected to said signal transmission
means;

a diode (D1) having an anode and a cathode con-
nected in parallel with said flextensional transducer
(12);

said cathode of said diode (D1) being electrically
connected to said first conductor (14) and said input
side of said voltage regulator (U1);

said anode of said diode (D1) being electrically con-
nected to said second conductor (14) and said input
side of said voltage regulator (U1);

whereby said diode (D1) is connected in parallel with
first (12a) and second (12c) electroded major faces
of said first electroactive member (67); and

a switch (90) having a first position and a second
position;

said switch (90) being in communication with said
signal transmission means;

said switch (90) being adapted to change from said
first position to said second position in response to
said first signal;

said switch (90) being adapted to change from said
second position to said first position in response to
said first signal.

The switching device according to claim 1, further
comprising:

pressure application means for application of a
force to said flextensional transducer (12), said
pressure application means being adapted to
apply a force sufficient to deform said flexten-
sional transducer (12) from said first position to
said second position, thereby generating said
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first voltage potential.

3. The switching device according to claim 1, wherein

said radio frequency generator subcircuit comprises:

an oscillator array having an input side and an
output side;

said input side of said oscillator array being con-
nected to said output side of said voltage regu-
lator (U1);

a BJT having a base connected to said output
side of said oscillator array and a grounded emit-
ter; and

aresonant subcircuit having a first and a second
junction;

said first junction of said resonant subcircuit be-
ing connected to said voltage regulator;

said second junction of said resonant subcircuit
being connected to a collector of said BJT.

The switching device according to claim 3, wherein
said radio frequency generator subcircuit further
comprises:

a radio frequency choke connected in series be-
tween said output side of said voltage regulator
(U1) and said first junction of said resonant sub-
circuit.

The switching device according to claim 4, wherein
said resonant subcircuit comprises:

afirst capacitor having afirstand a second plate;
and an inductive loop of a fifth conductor having
first and second ends;

said first plate of said first capacitor being con-
nected to said first end of said fifth conductor,
thereby forming said first junction of said reso-
nant subcircuit;

said second plate of said first capacitor being
connected to said second end of said fifth con-
ductor, thereby forming said second junction of
said resonant subcircuit

6. The switching device according to claim 5, wherein

said oscillator array comprises:

afirstinverter having an input side and an output
side;

said output side of said first inverter being elec-
trically connected to said base of said BJT;

a first resistor electrically connected to said out-
put side of said first inverter; and

a second capacitor connected in series between
said first resistor and said input side of said first
inverter.

7. The switching device according to claim 6, wherein
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said oscillator array further comprises:

a second inverter having an input side and an
output side;

said output side of said second inverter being
electrically connected to input side of said first
inverter; and

a second resistor electrically connected in par-
allel with said second capacitor and said second
inverter.

The switching device according to claim 7,
wherein said radio frequency choke comprises an
inductor.

The switching device according to claim 8, further
comprising:

a third capacitor connected to said first and sec-
ond conductors in parallel with said diode.

The switching device according to claim 9, wherein
said resonant subcircuit further comprises:

a tuning jumper comprising a sixth conductor
having first and second ends each connected to
said fifth conductor;

said tuning jumper being adapted to pivot at said
first and second ends, thereby rotating relative
to said fifth conductor.

The switching device according to claim 10, wherein
said flextensional transducer (12) further comprises:

a second electroactive member having oppos-
ing first and second electroded major faces; said
first opposing major face being substantially
convex and said second opposing major face
being substantially concave;

said second major face of said second elec-
troactive member being bonded to said first ma-
jor face of said first electroactive member.

The switching device according to claim 11,
wherein said firstand second electroactive members
each comprise a piezoelectric material.

The switching device according to claim 12, wherein
said signal transmission means further comprises:

a receiver for intercepting a signal generated by
said radio frequency generator subcircuit; and

electrical signal generation means for generat-
ing an electrical signal in response to said signal
intercepted by said receiver, said electrical sig-
nal generation means being electrically con-
nected to said receiver;
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wherein said switch is adapted to change from said
first position to said second position in response to
said electrical signal generated by said electrical sig-
nal generation means;

and wherein said switch is adapted to change from
said second position to said first position in response
to said electrical signal generated by said electrical
signal generation means.

The switching device according to claim 13, wherein
said electrical signal generation means comprises a
microprocessor for differentiating between a first ra-
dio frequency signal and said signal generated by
said radio frequency generator subcircuit.

Patentanspriiche

1.

Eigengespeiste Schaltvorrichtung, umfassend:

einen Biegespannungswandler (12), wobei der
Biegespannungswandler (12) umfasst:

ein erstes elektroaktives Element (67), das
mit einer Elektrode versehene gegentiber-
liegende erste und zweite Hauptoberfla-
chen aufweist;

wobei die erste gegeniberliegende Hauptoberfla-
che (12a) im Wesentlichen konvex und die zweite
gegenuberliegende Hauptoberflache (12c) im We-
sentlichen konkav ist;

eine Vorspannungsschicht (64), die mit der zweiten
Hauptoberflache (12c) des ersten elektroaktiven
Elements (67) verklebt ist;

wobei die Vorspannungsschicht (64) auf das elek-
troaktive Element (67) eine Druckkraft ausibt;
wobei der Biegespannungswandler (12) dazu aus-
gelegt ist, sich bei Anwenden einer Kraft auf den
Biegespannungswandler von einer ersten Position
in eine zweite Position zu verformen;

und wobei der Biegespannungswandler (12) dazu
ausgelegt ist, bei einer Verformung in die zweite Po-
sition ein erstes Spannungspotential zwischen der
ersten mit einer Elektrode versehenen Hauptober-
flache (12a) und der zweiten mit einer Elektrode ver-
sehenen Hauptoberflache (12c) zu erzeugen;
einen ersten Leiter (14), der mit der ersten mit einer
Elektrode versehenen Hauptoberflache (12a) des
ersten elektroaktiven Elements (67) elektrisch ver-
bunden ist;

einen zweiten Leiter (14), der mit der zweiten mit
einer Elektrode versehenen Hauptoberflache (12c)
des ersten elektroaktiven Elements (67) elektrisch
verbunden ist;

ein Signallibertragungsmittel, das mit dem ersten
und dem zweiten Leiter (14) elektrisch verbunden
ist, wobei das Signallibertragungsmittel dazu aus-
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gelegt ist, in Reaktion auf das erste Spannungspo-
tential ein erstes Signal zu erzeugen; wobei das Si-
gnallbertragungsmittel eine Hochfrequenzgenera-
tor-Unterschaltung (50) umfasst;

einen Spannungsregler (U1), der eine Eingangssei-
te und eine Ausgangsseite hat;

wobei die Eingangsseite des Spannungsreglers
(U1) mit dem ersten und dem zweiten Leiter (14)
elektrisch verbunden ist;

wobei die Ausgangsseite des Spannungsreglers
(U1) mit dem Signaliibertragungsmittel elektrisch
verbunden ist;

eine Diode (D1), die eine Anode und eine Kathode
aufweist, die mit dem Biegespannungswandler (12)
parallel geschaltet sind;

wobei die Kathode der Diode (D1) mit dem ersten
Leiter (14) und der Eingangsseite des Spannungs-
reglers (U1) elektrisch verbunden ist;

wobei die Anode der Diode (D1) mit dem zweiten
Leiter (14) und der Eingangsseite des Spannungs-
reglers (U1) elektrisch verbunden ist;

wodurch die Diode (D1) mit der ersten (12a) und der
zweiten (12c) miteiner Elektrode versehenen Haupt-
oberflache des ersten elektroaktiven Elements (67)
parallel geschaltet ist; und

einen Schalter (90), der eine erste Position und eine
zweite Position hat;

wobei der Schalter (90) mit dem Signallbertra-
gungsmittel in Verbindung ist;

wobei der Schalter (90) dazu ausgelegt ist, in Reak-
tion auf das erste Signal von der ersten in die zweite
Position zu wechseln;

wobei der Schalter (90) dazu ausgelegt ist, in Reak-
tion auf das erste Signal von der zweiten in die erste
Position zu wechseln.

Schaltvorrichtung nach Anspruch 1, ferner umfas-
send:

ein Druckanwendungsmittel zum Anwenden ei-
ner Kraft auf den Biegespannungswandler (12),
wobei das Druckanwendungsmittel dazu aus-
gelegt ist, eine Kraft anzuwenden, die ausrecht,
um den Biegespannungswandler (12) von der
ersten Position in die zweite Position zu verfor-
men, wodurch das erste Spannungspotential er-
zeugt wird.

Schaltvorrichtung nach Anspruch 1, wobei die Hoch-
frequenzgenerator-Unterschaltung umfasst:

ein Oszillatorarray, das eine Eingangsseite und
eine Ausgangsseite hat;

wobei die Eingangsseite des Oszillatorarrays mit der
Ausgangsseite des Spannungsreglers (U1) verbun-
den ist;

einen bipolarer Sperrschichttransistor, dessen Basis
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mit der Ausgangsseite des Oszillatorarrays verbun-
den ist und der einen geerdeten Emitter hat; und
eine Schwing-Unterschaltung, die eine erste und ei-
ne zweite Leitungsverzweigung hat;

wobei die erste Leitungsverzweigung der Schwing-
Unterschaltung mit dem Spannungsregler verbun-
den ist;

wobei die zweite Leitungsverzweigung der Schwing-
Unterschaltung mit einem Kollektor des bipolaren
Sperrschichttransistors verbunden ist.

Schaltvorrichtung nach Anspruch 3, wobei die Hoch-
frequenzgenerator-Unterschaltung ferner umfasst:

eine Hochfrequenzdrossel, die zwischen der
Ausgangsseite des Spannungsreglers (U1) und
der ersten Leitungsverzweigung der Schwing-
Unterschaltung in Reihe geschaltet ist.

Schaltvorrichtung nach Anspruch 4, wobei die
Schwing-Unterschaltung umfasst:

einen ersten Kondensator, der eine erste und
eine zweite Platte hat; und

eine Induktionsschleife eines flinften Leiters,
der ein erstes und ein zweites Ende hat;

wobei die erste Platte des ersten Kondensators mit
dem ersten Ende des fiinften Leiters verbunden ist,
wodurch die erste Leitungsverzweigung der
Schwing-Unterschaltung gebildet wird;

wobei die zweite Platte des ersten Kondensators mit
dem zweiten Ende des fiinften Leiters verbundeniist,
wodurch die zweite Leitungsverzweigung der
Schwing-Unterschaltung gebildet wird.

Schaltvorrichtung nach Anspruch 5, wobei das Os-
zillatorarray umfasst:

einen ersten Wechselrichter, der eine Eingangs-
seite und eine Ausgangsseite hat;

wobei die Ausgangsseite des ersten Wechselrich-
ters mit der Basis des bipolaren Sperrschichttransi-
stors elektrisch verbunden ist;

einen ersten Widerstand, der mit der Ausgangsseite
des ersten Wechselrichters elektrisch verbundenist;
und

einen zweiten Kondensator, der zwischen dem er-
sten Widerstand und der Eingangsseite des ersten
Wechselrichters in Reihe geschaltet ist.

Schaltvorrichtung nach Anspruch 6, wobei das Os-
zillatorarray ferner umfasst:

einen zweiten Wechselrichter, der eine Ein-
gangsseite und eine Ausgangsseite hat;
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wobei die Ausgangsseite des zweiten Wechselrich-
ters mit der Eingangsseite des ersten Wechselrich-
ters elektrisch verbunden ist; und

einen zweiten Widerstand, der mit dem zweiten Kon-
densator und des zweiten Wechselrichters parallel
geschaltet ist.

Schaltvorrichtung nach Anspruch 7, wobei die Hoch-
frequenzdrossel ein induktives Bauelement um-
fasst.

Schaltvorrichtung nach Anspruch 8, ferner umfas-
send:

einen dritten Kondensator, der mit dem ersten
und dem zweiten Leiter verbunden und mit der
Diode parallel geschaltet ist.

Schaltvorrichtung nach Anspruch 9, wobei die
Schwing-Unterschaltung ferner umfasst:

eine Abstimmungs-Drahtbriicke, die einen
sechsten Leiter umfasst, der ein erstes und ein
zweites Ende hat, die jeweils mit dem flnften
Leiter verbunden sind;

wobei die Abstimmungs-Drahtbriicke dazu ausge-
legtist, am ersten und am zweiten Ende geschwenkt
zu werden, wodurch sie relativ zum flinften Leiter
gedreht wird.

Schaltvorrichtung nach Anspruch 10, wobei der Bie-
gespannungswandler (12) ferner umfasst:

ein zweites elektroaktives Element, das mit ei-
ner Elektrode versehene gegenuberliegende
erste und zweite Hauptoberflachen hat; wobei
die erste gegenlberliegende Hauptoberflache
im Wesentlichen konvex und die zweite gegen-
Uberliegende Hauptoberflache im Wesentlichen
konkav ist;

wobei die zweite Hauptoberflaiche des zweiten elek-
troaktiven Elements mit der ersten Hauptoberflache
des ersten elektroaktiven Elements verklebt ist.

Schaltvorrichtung nach Anspruch 11, wobei das er-
ste und das zweite elektroaktive Element jeweils ein
piezoelektrisches Material umfassen.

Schaltvorrichtung nach Anspruch 12, wobei das Si-
gnallbertragungsmittel ferner umfasst:

einen Empfanger zum Abfangen eines von der
Hochfrequenzgenerator-Unterschaltung er-
zeugten Signals; und

ein elektrisches Signalerzeugungsmittel zum
Erzeugen eines elektrischen Signals in Reakti-
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on aufdas vom Empfanger abgefangene Signal,
wobei das elektrische Signalerzeugungsmittel
mit dem Empfénger elektrisch verbunden ist;

wobei der Schalter dazu ausgelegt ist, in Reaktion
auf das von dem elektrischen Signalerzeugungsmit-
tel erzeugte elektrische Signal von der ersten Posi-
tion in die zweite Position zu gehen;

und wobei der Schalter dazu ausgelegt ist, in Reak-
tion auf das von dem elekirischen Signalerzeu-
gungsmittel erzeugte elektrische Signal von der
zweiten Position in die erste Position zu gehen.

Schaltvorrichtung nach Anspruch 13, wobei das
elektrische Signalerzeugungsmittel einen Mikropro-
zessor zum Unterscheiden zwischen einem ersten
Hochfrequenzsignal und dem von der Hochfre-
quenzgenerator-Unterschaltung erzeugten Signal
umfasst.

Revendications

1.

Dispositif de commutation a auto-alimentation
comprenant :

un transducteur de tension de flexion (12), ledit
transducteur de tension de flexion (12)
comprenant :

un premier élément électro-actif (67) avec
des premiere et deuxiéme faces principales
opposées d’ électrode ;

ladite premiere face principale opposée
(12a) étant sensiblement convexe et ladite
deuxiéme face principale opposée (12c)
étant sensiblement concave ;

une couche de précontrainte (64) collée a
ladite deuxiéeme face principale opposée
(12¢) dudit premier élément électro-actif
(67);

ladite couche de précontrainte (64) appli-
quant une force de compression audit élé-
ment électro-actif (67) ;

dans lequel ledit transducteur de tension de flexion
(12) est adapté pour se déformer d’'une premiéere po-
sition a une deuxiéme position lors de I'application
d’une force sur ledit transducteur de tension de
flexion ;

et dans lequel, lors de ladite déformation dans ladite
deuxieéme position, ledit transducteur de tension de
flexion (12) est adapté pour générer un premier po-
tentiel de tension entre ladite premiére face princi-
pale d’électrode (12a) et ladite deuxiéme face prin-
cipale d’électrode (12c) ;

un premier conducteur (14) connecté électriquement
a ladite premiere face principale d’électrode (12a)
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dudit premier élément électro-actif (67) ;

un deuxiéme conducteur (14) connecté électrique-
ment a ladite deuxieme face principale d’électrode
(12c¢) dudit premier élément électro-actif (67) ;

des moyens de transmission de signaux connectés
électriguement auxdits premier et deuxieme conduc-
teurs (14), lesdits moyens de transmission de si-
gnaux étant adaptés pour générer un premier signal
en réponse audit premier potentiel de tension ; dans
lequel lesdits moyens de transmission de signaux
comprennent un sous-circuit générateur de radiofré-
quences (50) ;

un régulateur de tension (U1) comportant un cété
entrée et un coté sortie ;

ledit coté entrée dudit régulateur de tension (U1)
étant connecté électriquement auxdits premier et
deuxiéme conducteurs (14) ;

ledit coté sortie dudit régulateur de tension (U1) étant
connecté électriquement auxdits moyens de trans-
mission de signaux ;

une diode (D1) comprenant une anode et une ca-
thode connectées en paralléle avec ledit transduc-
teur de tension de flexion (12) ;

ladite cathode de ladite diode (D1) étant connectée
électriquement audit premier conducteur (14) et
audit coté entrée dudit régulateur de tension (U1) ;
ladite anode de ladite diode (D1) étant connectée
électriguement audit deuxiéme conducteur (14) et
audit coté entrée dudit régulateur de tension (U1) ;
moyennant quoi ladite diode (D1) est connectée en
parallele aux premiere (12a) et deuxieme (12c) faces
principales d’électrode dudit premier élément
électro-actif (67) ; et

un commutateur (90) ayant une premiéere position et
une deuxiéme position ;

ledit commutateur (90) étant en communication avec
lesdits moyens de transmission de signaux ;

ledit commutateur (90) étant adapté pour changer
de ladite premiére position a ladite deuxiéme posi-
tion en réponse audit premier signal ;

ledit commutateur (90) étant adapté pour changer
de ladite deuxiéme position a ladite premiére posi-
tion en réponse audit premier signal.

Dispositif de commutation selon la revendication 1,
comprenant en outre :

des moyens d’application de pression pour ap-
pliquer une force audit transducteur de tension
de flexion (12), lesdits moyens d’application de
pression étant adaptés pour appliquer une force
suffisante pour déformer ledit transducteur de
tension de flexion (12) de ladite premiére posi-
tion a ladite deuxiéme position, en générant ain-
si ledit premier potentiel de tension.

Dispositif de commutation selon la revendication 1,
dans lequel ledit sous-circuit générateur de radiofré-
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quences comprend :

un réseau oscillateur ayant un c6té entrée et un
coté sortie ;

ledit coté entrée dudit réseau oscillateur étant
connecté audit cété sortie dudit régulateur de
tension (U1) ;

un transistor bipolaire a jonctions comprenant
une base connectée audit c6té sortie dudit ré-
seau oscillateur et un émetteur a la masse ; et
un sous-circuit résonnant comprenant une pre-
miére et une deuxiéme jonction ;

ladite premiére jonction dudit sous-circuit réson-
nant étant connectée audit régulateur de
tension ;

ladite deuxiéme jonction dudit sous-circuit ré-
sonnant étant connectée a un collecteur dudit
transistor bipolaire a jonctions.

4. Dispositif de commutation selon la revendication 3,

dans lequel ledit sous-circuit générateur de radiofré-
quences comprend en outre :

une self a radiofréquence connectée en série
entre ledit c6té sortie dudit régulateur de tension
(U1) etladite premiére jonction dudit sous-circuit
résonnant.

Dispositif de commutation selon la revendication 4,
dans lequel ledit sous-circuit résonnant comprend :

un premier condensateur comprenant une pre-
miére et une deuxiéme plaque ; et

une boucle inductive d’un cinquieme conducteur
ayant des premiére et deuxieme extrémités ;
ladite premiere plaque dudit premier condensa-
teur étant connectée aladite premiére extrémité
dudit cinquiéme conducteur, en formant ainsi la-
dite premiere jonction dudit sous-circuit
résonnant ;

ladite deuxiéme plaque dudit premier conden-
sateur étant connectée a ladite deuxiéme extreé-
mité dudit cinquiéme conducteur, en formant
ainsi ladite deuxiéme jonction dudit sous-circuit
résonnant.

6. Dispositif de commutation selon la revendication 5,

dans lequel ledit réseau oscillateur comprend :

un premier inverseur avec un c6té entrée et un
coté sortie ;

ledit c6té sortie dudit premier inverseur étant
connecté électriquement a ladite base dudit
transistor bipolaire a jonctions ;

une premiére résistance connectée électrique-
ment audit c6té sortie dudit premier inverseur ;
et

un deuxieme condensateur connecté en série
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entre ladite premiére résistance et ledit coté en-
trée dudit premier inverseur.

Dispositif de commutation selon la revendication 6,
dans lequel ledit réseau oscillateur comprend en
outre :

un deuxiéme inverseur avec un cbté entrée et
un cété sortie ;

ledit coté sortie dudit deuxiéme inverseur étant
connecté électriquement au cété entrée dudit
premier inverseur ; et

une deuxieme résistance connectée électrique-
ment en paralléle avec ledit deuxieme conden-
sateur et ledit deuxiéme inverseur.

Dispositif de commutation selon la revendication 7,
dans lequel ladite self a radiofréquence comprend
une bobine de self.

Dispositif de commutation selon la revendication 8,
comprenant en outre :

un troisieme condensateur connecté auxdits
premier et deuxiéme conducteurs en parallele
avec ladite diode.

Dispositif de commutation selon la revendication 9,
dans lequel ledit sous-circuit résonnant comprend
en outre :

un shunt d’accord comprenant un sixieme con-
ducteur avec des premiere et deuxieme extré-
mités connectées chacune audit cinquieme
conducteur ;

ledit shunt d’accord étant adapté pour pivoter
au niveau desdites premiére et deuxiéme extré-
mités, en tournant ainsi par rapport audit cin-
quieme conducteur.

Dispositif de commutation selon la revendication 10,
dans lequel ledit transducteur de tension de flexion
(12) comprend en outre :

un deuxieme élément électro-actif avec des pre-
miére et deuxiéme faces principales opposées
d’électrode ; ladite premiére face principale op-
posée étant sensiblement convexe et ladite
deuxieme face principale opposée étant sensi-
blement concave ;

ladite deuxiéme face principale dudit deuxieme
élément électro-actif étant collée a ladite pre-
miére face principale dudit premier élément
électro-actif.

Dispositif de commutation selon la revendication 11,
dans lequel lesdits premier et deuxiéme éléments
électro-actifs comprenant chacun un matériau pié-
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zoélectrique.

Dispositif de commutation selon la revendication 12,
dans lequel lesdits moyens de transmission de si-
ghaux comprennent en outre :

un récepteur pour intercepter un signal généré
par ledit sous-circuit générateur de
radiofréquences ; et

des moyens de génération de signal électrique
pour générer un signal électrique en réponse
audit signal intercepté par ledit récepteur, lesdits
moyens de génération de signal électrique étant
connectés électriquement audit récepteur ;

dans lequel ledit commutateur est adapté pour chan-
ger de ladite premiére position a ladite deuxiéme po-
sition en réponse audit signal électrique généré par
lesdits moyens de génération de signal électrique ;
et dans lequel ledit commutateur est adapté pour
changer de ladite deuxiéme position a ladite premie-
re position en réponse audit signal électrique généré
par lesdits moyens de génération de signal électri-
que.

Dispositif de commutation selon la revendication 13,
dans lequel lesdits moyens de génération de signal
électrique comprennent un microprocesseur pour
différencier entre un premier signal de radiofréquen-
ce et ledit signal généré par ledit sous-circuit géné-
rateur de radiofréquences.
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